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(54) RARE-EARTH BASED PERMANENT MAGNET AND MANUFACTURE THEREOF 

(57)Abstract: 

PROBLEM TO BE SOLVED: To obtain superior corrosion resistance and adhesion by forming a metal-oxide coating film 
on the surface of a magnet by a solgel film formation method. 

SOLUTION: A sol solution is prepared with ingredients of an Al compound, a catalyzer, a stabilizer, an organic solvent, 
and water. The sol solution is coated on a sample piece of a magnet, the surface of which has been cleaned by shot 
blasting and solvent-degreasing, by a dip-coating method with a specified pull-up rate, and a heat treatment is applied to 
form an Al-oxide coating film on the surface. The resultant Al-oxide coating film (AI20x coating film: 0<x<3) is an 
amorphous film, and its film thickness is 0.01 |xm-5 jim. The C content in the coating film is 50 ppm-1000 ppm (wt/wt). 
This rare-earth based permanent magnet is R (a rare-earth e!ement)-Fe-B based, or R-Fe-N based. The metal-oxide 
coating film contains at least an ingredient selected from Al oxide, Si oxide, Ti oxide, and Zr oxide. 
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* notices * 

JPO and NCI PI are not responsible for any 
dama ges caused by the use of this translation. 

I .This document has been translated by computer. So the translation may not reflect the original precisely. 
2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 

** " ■ ■ . ii . . ,. 

CLAIMS 

[Claim(s)] 

[Claim 1 ] The rare earth system permanent magnet characterized by forming the metal oxide film in a magnet front face by the sol gel 
forming-membranes method. 

[Claim 2] The rare earth system permanent magnet according to claim 1 characterized by a rare earth system permanent magnet being 
a R-Fe-B system permanent magnet. " ° 

[Claim 3] The rare earth system permanent magnet according to claim 1 characterized by a rare earth system permanent magnet being 
a R-Fe-N system permanent magnet. 

[Claim 4] The rare earth system permanent magnet according to claim 1 characterized by consisting of a metallic-oxide component 
containing at least 1 component as which a metal oxide film is chosen from aluminum oxide, Si oxide, Ti oxide, and Zr oxide. 
[Claim 5] The rare earth system permanent magnet according to claim 1 characterized by a metal oxide film being amorphous. 
[Claim 6] The rare earth system permanent magnet according to claim 1 characterized by a metal oxide film containing C. 
[Claim 7] The rare earth system permanent magnet according to claim 6 characterized by the content of C being 50 ppm - 1000 dditi 
(wt/wt). 

[Claim 8] The rare earth system permanent magnet according to claim 1 characterized by the thickness of a metal oxide film being 
0.01 micrometers - 5 micrometers. 

[Claim 9] The manufacture approach of the rare earth system permanent magnet characterized by forming a metal oxide film in a 
magnet front face by the sol gel forming-membranes method. 

[Claim 10] The manufacture approach of the rare earth system permanent magnet according to claim 9 characterized by consisting of a 
metallic-oxide component containing at least 1 component as which a metal oxide film is chosen from aluminum oxide, Si oxide, Ti 
oxide, and Zr oxide. 

[Claim 1 1] The rare earth system permanent magnet characterized by having the volume phase which is carrying out the chemical 

bond to the metal atom with which R (rare earth elements) atom constitutes this coat through an oxygen atom between this coat and 

this magnet in the rare earth system permanent magnet which has a metal oxide film on the whole magnet front face. 

[Claim 12] The rare earth system permanent magnet according to claim 1 1 characterized by consisting of a metallic-oxide component 

containing at least 1 component as which a metal oxide film is chosen from aluminum oxide, Si oxide, and Ti oxide. 

[Claim 1 3] The rare earth system permanent magnet according to claim 1 1 characterized by forming the volume phase by forming a 

metal oxide film in a magnet front face by the sol gel forming-membranes method. 

[Claim 14] The manufacture approach of the rare earth system permanent magnet characterized by forming in the whole magnet front 
face the volume phase which is carrying out the chemical bond to the metal atom with which R (rare earth elements) atom constitutes 
this coat through an oxygen atom between this coat and this magnet by forming a metal oxide film in a magnet front face by the sol gel 
forming-membranes method. 

[Claim 15] The manufacture approach of the rare earth system permanent magnet according to claim J 4 characterized by consisting. of 
a metallic-oxide component containing at least 1 component as which a metal oxide film is chosen from aluminum oxide, Si oxide, 
and Ti oxide. 

[Translation done.] 
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damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original precisely. 
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DETAILED DESCRIPTION 

[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to few simple manufacture approaches of effect by the environment by the low cost of 
the rare earth system permanent magnet which has the thin and precise metal oxide film in which the outstanding corrosion resistance 
is shown on a magnet front face in the outstanding basis of adhesion, and this magnet. 
[0002] 

[Description of the Prior Art] Compared with the Sm-Co system permanent magnet, an ingredient abundant in resource and cheap is 
used, and, as for rare earth system permanent magnets, such as a R-Fe-N system permanent magnet represented by the R-Fe-B system 
permanent magnet represented by the Nd-Fe-B system permanent magnet and the Sm-Fe-N system permanent magnet, it has high 
magnetic properties. Therefore, especially the R-Fe-B system permanent magnet is used in fields various today. However, a rare earth 
system permanent magnet contains R which oxidation corrosion is easy to be carried out in atmospheric air. So, when it is used 
without performing no surface treatment, by existence of a slight acid and alkali, moisture, etc., corrosion will advance from a front 
face, rust will be generated, and degradation and dispersion of magnetic properties will be caused in connection with it. Furthermore, 
when the magnet which rust generated is built into equipments, such as a magnetic circuit, there is a possibility of rust dispersing and 
polluting circumference components. 

[0003] In view of the above-mentioned point, the various proposals of the approach of forming a metal oxide film in a magnet front 
face as a corrosion-resistant coat are made. For example, the approach of drying to JP,63-192216,A, after applying aluminum 
compound, Si compound, and Ti compound to a magnet front face, and forming various metal oxide films in it is indicated. Moreover, 
the approach of decomposing thermally to JP,2-3708 1 ,B, after applying Si-alcoholate to a magnet front face, and forming Si oxide 
film in it is indicated. Moreover, to JP,63-301506,A, the colloidal solution containing a minerals particle (Si02) is painted, and the 
approach of carrying out heating solidification is indicated. Moreover, after making Ti compound adhere to a magnet front face, the 
approach of heat-treating at an elevated temperature 700 degrees C or more in an inert atmosphere is indicated by JP,63-168009,A. 
[0004] 

[Problem(s) to be Solved by the Invention] In recent years, a miniaturization and downsizing-izing of components are progressing and 
the electronic industry and the household electrical products industry for which a rare earth system permanent magnet is used require 
the miniaturization and the cost cut for the magnet itself corresponding to it. In order to fill this demand, more, magnetic surface 
treatment must also aim at improvement in sensitive volume of a magnet with close dimensional accuracy (thin-film-izing, high 
corrosion resistance in a thin film), and must perform it in low cost. Moreover, it is necessary to also take the consideration to an 
environment into consideration also to the effect to which it is indispensable and gives the environment of processing liquid or the coat 
itself by the end of today. However, it is difficult to deal with the current of such the times by the approach to have proposed the 
above-mentioned until now. That is, by the approach given in JP,63-192216,A or JP£-37081 ,B, a pinhole arises from the unstable 
metallic compounds itself and metallic compounds evaporating in the middle of a membrane formation process, since only the solution 
which only diluted unstable metallic compounds with the solvent chemically is used in the metal oxide film formed chemically. 
Moreover, since metallic compounds only react and the coat is formed, the adhesion on a coat and the. front face of a magnet is 
inferior, and it has troubles — it is easy to generate a crack from the difference in both coefficient of thermal expansion at the time of 
cooling after heating. Therefore, corrosion resistance becomes unstable and the application to a thin film becomes difficult as a result. 
Moreover, since the coat which becomes JP,63-301506,A from a minerals particle by the approach of a publication only deposits on a 
magnet front face, the precise coat without a pinhole is not obtained but is inferior also in the adhesion on a coat and the front face of a 
magnet. Moreover, it has troubles, like that there is a possibility of causing magnetic-properties degradation of the magnet itself since 
elevated-temperature heat treatment must be performed besides the trouble which an approach given in JP,63- 1 922 1 6,A or JP,2- 
37081 ,B has by the approach given in JP,63-1 68009,A, that a manufacturing facility becomes large-scale and cost becomes high, and 
it is inapplicable to the bond magnet which cannot be said to be strong with heat. Then, it aims at offering few simple manufacture 
approaches of effect by the environment by the low cost of the rare earth system permanent magnet which has the thin and precise 
metal oxide film in which the outstanding corrosion resistance is shown on a magnet front face in the outstanding basis. of adhesion, 
and this magnet in this invention. 
[0005] 

[Means for Solving the Problem] In addition to the coat itself being a precise thing without a pinhole, since the adhesion over a magnet 
front face was high, the metal oxide film formed in the magnet front face by the sol gel forming-membranes method as a result of this 
invention persons' performing various examination in view of the above-mentioned point carried out the knowledge of having the 
outstanding corrosion resistance as compared with the conventional metal oxide film, even if the thickness of a coat was thin. 
[0006] This invention was made based on this knowledge, and the rare earth system permanent magnet of this invention is 
characterized by forming the metal oxide film in a magnet front face by the sol gel forming-membranes method a passage according to 
claim 1 . Moreover, a rare earth system permanent magnet according to claim 2 is characterized by a rare earth system permanent 
magnet being a R-Fe-B system permanent magnet in a rare earth system permanent magnet according to claim 1 . Moreover, a rare 
earth system permanent magnet according to claim 3 is characterized by a rare earth system permanent magnet being a R-Fe-N system 
permanent magnet in a rare earth system permanent magnet according to claim 1 . Moreover, a rare earth system permanent magnet 
according to claim 4 is characterized by consisting of a metallic-oxide component containing at least 1 component as which a metal 
oxide film is chosen from aluminum oxide, Si oxide, Ti oxide, and Zr oxide in a rare earth system permanent magnet according to 
claim 1. Moreover, a rare earth system permanent magnet according to claim 5 is characterized by a metal oxide film being amorphous 
in a rare earth system permanent magnet according to claim 1 . Moreover, a rare earth system permanent magnet according to claim 6 
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is characterized by a metal oxide film containing C in a rare earth system permanent magnet according to claim 1 . Moreover, a rare 
earth system permanent magnet according to claim 7 is characterized by the content of C being 50 ppm - 1000 ppm (wt/wt) in a rare 
earth system permanent magnet according to claim 6. Moreover, a rare earth system permanent magnet according to claim 8 is 
characterized by the thickness of a metal oxide film being 0.01 micrometers - 5 micrometers in a rare earth system permanent magnet 
according to claim 1 . Moreover, the manufacture approach of the rare earth system permanent magnet of this invention is 
characterized by forming a metal oxide film in a magnet front face by the sol gel forming-membranes method a passage according to 
claim 9. Moreover, the manufacture approach of a rare earth system permanent magnet according to claim 10 is characterized by 
consisting of a metallic-oxide component containing at least 1 component as which a metal oxide film is chosen from aluminum oxide, 
Si oxide, Ti oxide, and Zr oxide in the manufacture approach of a rare earth system permanent magnet according to claim 9. 
Moreover, the rare earth system permanent magnet of this invention is characterized by having the volume phase which is carrying out 
the chemical bond to the metal atom with which R (rare earth elements) atom constitutes this coat through an oxygen atom between 
this coat and this magnet on the whole magnet front face a passage according to claim 1 1 in the rare earth system permanent magnet 
which has a metal oxide film. Moreover, a rare earth system permanent magnet according to claim 12 is characterized by consisting of 
a metallic-oxide component containing at least 1 component as which a metal oxide film is chosen from aluminum oxide, Si oxide, 
and Ti oxide in a rare earth system permanent magnet according to claim 1 1 . Moreover, a rare earth system permanent magnet 
according to claim 13 is characterized by forming the volume phase in a rare earth system permanent magnet according to claim 1 1 by 
forming a metal oxide film in a magnet front face by the sol gel forming-membranes method. Moreover, the manufacture approach of 
the rare earth system permanent magnet of this invention is characterized by forming in the whole magnet front face the volume phase 
which is carrying out the chemical bond to the metal atom with which R (rare earth elements) atom constitutes this coat through an 
oxygen atom between this coat and this magnet a passage according to claim 14 by forming a metal oxide film in a magnet front face 
by the sol gel forming-membranes method. Moreover, the manufacture approach of a rare earth system permanent magnet according 
to claim 15 is characterized by consisting of a metallic-oxide component containing at least 1 component as which a metal oxide film 
is chosen from aluminum oxide, Si oxide, and Ti oxide in the manufacture approach of a rare earth system permanent magnet 
according to claim 14. 
[0007] 

[Embodiment of the Invention] The rare earth system permanent magnet of this invention is characterized by forming the metal oxide 
film in a magnet front face by the sol gel forming-membranes method. 

[0008] The metal oxide film formed in a magnet front face by the sol gel forming-membranes method in this invention may be a metal 
oxide film which consists of a single metallic-oxide component, and may be a metal multiple oxide coat which consists of a two or 
more-component metallic-oxide component. 

[0009] As a metal oxide film which consists of a single metallic-oxide component For example, the metal oxide film which consists of 
aluminum oxide, Si oxide, Ti oxide, a Mg oxide, and a calcium oxide, That is, aluminum oxide film (aluminum20x coat: 0< x<=3), Si 
oxide film (SiOx coat: 0< x<=2), Ti oxide film (TiOx coat: 0< x<=2), Mg oxide film (MgOx coat: 0< x<=l), and calcium oxide film 
(CaOx coat: 0< x<=l) are mentioned. These metal oxide films are desirable in the point of having the adhesion which was extremely 
excellent to the magnet front face. Especially, aluminum oxide film, Si oxide film, and Ti oxide film have the desirable sol liquid 
adjusted by facing for forming a coat by the sol gel forming-membranes method in a comparatively stable point Since especially the 
sol liquid for forming Si oxide film can be formed at low temperature compared with the case where the coat which consists of a very 
stable point and other metallic-oxide components is formed, compared with the sol liquid for forming other metal oxide films, it is 
desirable in the point which can lessen effect to magnetic magnetic properties. 

[0010] The property of having the adhesion in which the above-mentioned metal oxide film was extremely excellent to the magnet 
front face is found out as a result of R by which this invention persons are contained in a rare earth system permanent magnet coming 
research in piles paying attention to oxygen and strong reactivity being comparatively shown also in low temperature. That is, if the 
metal oxide film which becomes a magnet front face from aluminum oxide etc. by the sol gel forming-membranes method is formed, 
R atom will react with the oxygen atom originating in the metallic compounds used' as the source of a configuration of these coats etc., 
and a chemical bond will be carried out to these metal atoms that constitute a coat through an oxygen-atom. Since the coat formed by 
the sol gel forming-membranes method is a precise thing in which a pinhole does not have the coat itself, the chemical bond through 
the oxygen atom of R atom and a metal atom happens on the whole magnet front face. Consequently, .since the volume phase which is 
carrying out the chemical bond to the metal atom with which R atom constitutes a coat through an oxygen atom between a coat and a 
magnet is formed in the whole. magnet front face The adhesion over the magnet front face of a coat is high, and the exfoliation or 
corrosion between a coat and a magnet cannot take place easily (if a pinhole exists, since the volume phase is not formed in the part of 
a pinhole). The adhesion of the circumference of it is a property based on the point that become weak naturally and exfoliation and 
corrosion advance from there. This property can be acquired, when the oxidizing zone which uses R and Fe as a principal component 
exists in a magnet front face, or even when a volume phase is formed in that front face when the nitrated case other than an oxidizing 
zone exists in a R-Fe-N system permanent magnet. 

[001 1] As other coats which consist of a single metallic-oxide component, the coat which consists of a Zr oxide, i.e., Zr oxide film, 
(ZrOx coat: 0< x<=2) is mentioned. In addition to corrosion resistance, Zr oxide film is excellent in alkali resistance. Therefore, even 
when the alkali system cleaning agent which attracts attention instead of the chlorine-based cleaning agent which is not desirable on 
the environment washes the magnet which has Zr oxide film, there is no possibility of causing degradation of a coat as a result 
degradation of magnetic properties, rusting, etc. 

[0012] In the case of the metal multiple oxide coat which consists of a two or more-component metallic-oxide component for the 
above-mentioned reason, it is desirable to include at least 1 component chosen from aluminum oxide, Si oxide, Ti oxide, and Zr oxide. 
That is, the coat containing aluminum oxide, Si oxide, and Ti oxide has the desirable sol liquid for forming the point and coat which 
have the adhesion which was extremely excellent to the magnet front face in a comparatively stable point. Moreover, the coat 
containing Zr oxide is desirable in the point of excelling in alkali resistance in addition to corrosion resistance. As a metal multiple 
oxide coat which consists of such a two or more-component metallic-oxide component, a Si -aluminum multiple oxide coat (SiOx- 
aluminum20y coat: 0< x<=2, 0< y<=3), a Si-Ti multiple oxide coat (SiOx-TiOy coat: 0< x<=2, 0< y<=2), a Si-Zr multiple oxide coat 
(SiOx-ZrOy coat: 0< x<=2, 0< y<=2), etc. are mentioned, for example. 

[0013] Formation on the magnet front face of the metal oxide film by the sol gel forming-membranes method is performed by heat- 
treating, after applying to a magnet front face the sol liquid obtained by a hydrolysis reaction, a polymerization reaction, etc. of the 
metallic compounds used as the source of a configuration of a metal oxide film. 

[0014] Sol liquid adjusts the metallic compounds used as the source of a configuration of a metal oxide film, a catalyst, a stabilizing 
agent, water, etc. in an organic solvent, and the solution which the colloid obtained by a hydrolysis reaction, a polymerization reaction, 
etc. of these metallic compounds distributed is used for it. 
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[0015] As metallic compounds used as the source of a configuration of a metal oxide film, it is independent, or chelate compounds, 
such as carboxylate, such as alkoxides (some alkoxyl groups may be permuted by alkyl groups, phenyl groups, etc., such as a methyl 
group and an ethyl group), such as a metaled methoxide, ethoxide, propoxide, and butoxide, a metaled oxalate, acetate, an octylic acid 
salt, and a stearate, and metal acetyl acetonato, the mineral salt further represented by a metaled nitrate and a metaled chloride can be 
mixed and used. When stability, cost, etc. of sol liquid are taken into consideration, in the case of aluminum compound used, for 
example in case aluminum mill scale is formed, it is desirable to use the carboxylate with which carbon numbers, such as propoxide, 
butoxide, etc. of aluminum, have the alkoxyl group of 3-4, such as an alkoxide, and metaled acetate, a metaled octylic acid salt. In the 
case of Si compound used in case Si oxide film is formed, it is desirable to use the alkoxide in which carbon numbers, such as a 
methoxide of Si, ethoxide, and propoxide, have the alkoxyl group of 1-3. In the case of Ti compound used in case Ti oxide film is 
formed, it is desirable to use the alkoxide in which carbon numbers, such as ethoxide of Ti, propoxide, and butoxide, have the alkoxyl 
group of 2-4. In the case of Zr compound used in case Zr mill scale is formed, it is desirable to use the carboxylate with which carbon 
numbers, such as propoxide, butoxide, etc.. of Zr, have the alkoxyl group of 3-4, such as an alkoxide, and metaled acetate, a metaled 
octylic acid salt. 

[0016] In case the metal multiple oxide coat which consists of a two or more-component metallic-oxide component is formed, two or 
more metallic compounds can be mixed and used. For example, what is necessary is to mix Si compound and Zr compound and just to 
use, in case a Si-Zr multiple oxide coat is formed. Moreover, it is independent, and it can mix with metallic compounds and metal 
conjugated compounds, such as a metal compound alkoxide, can also be used. For example, in case a Si-aluminum multiple oxide coat 
is formed, Si-aluminum conjugated compounds, such as a Si-aluminum compound alkoxide in which it has Si-O-aluminum 
association and a carbon number has the alkoxyl group (some alkoxyl groups may be permuted by alkyl groups, phenyl groups, etc., 
such as a methyl group and an ethyl group) of 1-4, can be used. Specifically as such a compound, 3(H3CO)-Si-0-aluminum -(OCH3) 
2, 3(H5C20)-Si-0-aluminum -(OC2H5) 2, etc. are mentioned. 

[0017] At least one metallic-oxide component chosen from aluminum oxide, Si oxide, and Ti oxide although special limitation of the 
mixed rate of each metallic compounds in the case of forming a metal multiple oxide coat using two or more metallic compounds is 
not carried out, In forming the coat which consists of other metallic-oxide components It is desirable to mix each compound so that the 
number of mols of the former to the number of sum total mols of at least one metal chosen from aluminum, Si, and Ti which are 
contained in a metal multiple oxide coat, and other metals may become 0.2 (mole ratio) or more. For example, when forming a Si-Zr 
multiple oxide coat, it is desirable to mix Si compound and Zr compound so that the number (Si/Si+Zr) of mols of Si to the number of 
sum total mols of Si and Zr contained in a Si-Zr multiple oxide coat may become 0.2 (mole ratio) or more. By making it such a mixed 
rate, a volume phase is formed between a coat and a magnet with Si atom in a coat, and while being able to demonstrate the 
outstanding adhesion, the alkali resistance of a coat can be raised by Zr oxide component. 

[0018] The blending ratio of coal of metallic compounds to sol liquid is 0.1 wt% - 20wt% (the range of metallic-oxide conversion (in 
the case of for example, Si compound, in the case of Si02 conversion and an Si compound +Zr compound, they are Si02+Zr02 
conversion) is desirable.). It is because there is a possibility of causing the need of repeating a membrane formation process many 
times and performing it and there is a possibility of affecting productivity, in order for the blending ratio of coal to obtain the coat of 
thickness sufficient less than [ 0.1 wt% ]. Moreover, it is because there is a possibility that membrane formation may become difficult 
when the viscosity of sol liquid becomes high if 20wt% is exceeded. 

[0019] As a catalyst, it is independent, or acids, such as an acetic acid, a nitric acid, and a hydrochloric acid, can be mixed and used. 
As for a proper addition, it is desirable to add so that it may be prescribed by the hydrogen ion concentration of the sol liquid to 
prepare and sol liquid may be set to pH 1-7. It is because there is a possibility that the hydrolysis reaction and polymerization reaction 
for adjusting the sol liquid suitable for coat formation may be uncontrollable when pH exceeds less than 1 and 7. 
[0020] Although the stabilizing agent used if needed in order to stabilize sol liquid is suitably chosen according to the chemical 
stability of the metallic compounds to be used, its compound which forms a metal and chelates including beta-diketone and an ethyl 
acetoacetate including an acetylacetone, such as beta-keto-acid ester, is desirable. When using for example, beta-diketone, as for the 
loadings of a stabilizing agent, two or less are desirable at a mole ratio (a stabilizing #gent/metal lie compounds). It is because there is a 
possibility of checking the hydrolysis reaction and polymerization reaction at the time of sol liquid adjustment when a mole ratio " 
exceeds 2. 

[0021] when it may be supplied directly and alcohol is used for a solvent, for example, the water generated by the esterification 
reaction of this alcohol and a carboxylic acid is used for the water supplied into sol liquid — like — it may be indirectly supplied using 
a chemical reaction. Moreover, you may be the approach of using the steam in atmospheric air. As for the mole ratio of the 
water/metallic compounds in the case of supplying water into sol liquid, 1 00 or less are desirable. When a mole ratio exceeds 1 00, it is 
because there is a possibility of affecting the stability of liquid. 

[0022] The thing which all of the metallic compounds used as the component of sol liquid, a catalyst, a stabilizing agent, and water 
can be dissolved [ thing ] in homogeneity as an organic solvent, and can make homogeneity distribute the obtained colloid can be 
used. The ketone specifically represented by the acetic ester of the lower alcohol represented by ethanol, the hydrocarbon ether alcohol 
represented by ethylene glycol monoalkyl ether, and the hydrocarbon ether alcohol represented by ethylene glycol monoalkyl ether 
acetate, the acetic ester of the lower alcohol represented by ethyl acetate, and the acetone is mentioned. It is desirable to be 
independent, or to mix and to use lower alcohol, such as ethanol, isopropyl alcohol, and a butanol, from the safety at the time of 
processing or the point of cost, also in these. 

[0023] Although the viscosity of sol liquid is based also on the combination of a sol liquid component, it is desirable to be referred to 
as less than 20 cPs generally. When 20cP(s) are exceeded, it is because there is a possibility that uniform membrane formation may 
become difficult and a crack may occur at the time of heat treatment. 

[0024] In addition, although the adjustment time amount and adjustment temperature of sol liquid are based on the combination of the 
various components contained in sol liquid, adjustment time amount is 1 minute - 72 hours, and adjustment temperature is usually 0 
degree C - 1 00 degrees C. 

[0025] In addition, when wanting, minerals particles (for example, aluminum oxide particle, Si oxide particle, Ti oxide particle, Zr 
oxide particle, etc.) may be distributed in sol liquid. 

[0026] As the method of application on the front face of a magnet of sol liquid, a DIP coating method, a spray method, a spin coat 
method, etc. can be used. 

[0027] Heat treatment is performed after applying sol liquid to a magnet front face. Only the temperature which evaporates an organic 
solvent at least is required for it, for example, when ethanol is used as an organic solvent, 80 degrees C which is the boiling point are 
required for the temperature of this processing. On the other hand, when heat treatment temperature exceeds 450 degrees C in the case 
of a sintered magnet (for example, the case of a Nd-Fe-B system sintered magnet), there is a possibility of causing degradation of 
magnetic magnetic properties. Therefore, although 80 degrees C - 450 degrees C of heat treatment temperature are desirable, from a 
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viewpoint of preventing generating of the crack at the time of cooling after heat treatment as much as possible, 80 degrees C - 250 
degrees C are more desirable. Moreover, in the case of a bond magnet, the temperature conditions of heat treatment must be set up in 
consideration of the heat-resistant temperature of the resin to be used. For example, as for heat treatment temperature, in the case of 
the bond magnet using epoxy system resin or polyamide system resin, it is desirable to consider as 80 degrees C - 200 degrees C in 
consideration of the heat-resistant temperature of these resin. In addition, heat treatment time amount is usually 1 minute - 1 hour. 
[0028] According to the above-mentioned approach, the metal oxide film which makes a subject the amorphous substance excellent in 
corrosion resistance can be obtained. In addition, for example, when it is a coat with Si components abundant [ the structure ] in the 
case of a Si-aluminum multiple oxide coat, when aluminum component is abundant, many aluminum-O-aluminum association and Si- 
O-aluminum association are included, including mostly Si-O-Si association and Si-O-aluminum association. The abundance of both 
the components in a coat is determined by the mixed rate of the above-mentioned metallic compounds. 

[0029] Moreover, according to the above-mentioned approach, a metal oxide film contains C resulting from metallic compounds or a 
stabilizing agent. Although the metal oxide film which makes a subject the amorphous substance which was excellent in corrosion 
resistance by containing C becomes is easy to be obtained, as for the content, it is desirable that it is 50 ppm - 1000 ppm (wt/wt). It is 
because there is a possibility that the eburnation of a coat may not fully happen when a crack may generate [ the content of C ] to a 
coat by less than 50 ppm and the content of C exceeds 1 000 ppm. 

[0030] In addition to the rare earth system permanent magnet by which the metal oxide film is formed in the magnet front face by the 
sol gel forming-membranes method of this invention being a precise thing in which a pinhole does not have the formed coat itself, 
since the adhesion over the magnet front face of a coat is high, if the thickness of a coat is 0.01 micrometers or more, sufficient 
corrosion resistance will be acquired. Although the upper limit of the thickness of the coat which can be manufactured by this 
invention is not limited, it is the thickness for which 3 micrometers or less 5 micrometers or less were desirably suitable in the 
practical use side from the request based on the miniaturization of the magnet itself. In addition, it cannot be overemphasized that 
spreading of the sol liquid on the front face of a magnet and heat treatment following it may be repeated two or more times, and may 
be performed if needed. 

[0031] When the metal oxide film which consists of a metallic-oxide component containing aluminum oxide, Si oxide, Ti oxide, etc. 
as a metal oxide film is formed in a magnet front face, it can check having the volume phase which is carrying out the chemical bond 
to the metal atom with which R atom constitutes a metal oxide film through an oxygen atom between a coat and a magnet for example, 
with X-ray-photoelectron-spectroscopy equipment (XPS) etc. In this volume phase, since the chemical bond is carried out to the metal' 
atom with which R atom constitutes a metal oxide film through an oxygen atom and 0.5eV or more shift (chemical shift) of the 
binding energy (Binding Energy) of 3d orbit of R atom is carried out to a high energy side by measurement by the above-mentioned 
equipment, distinction of the existence is easy. 

[0032] In addition, laminating formation of still more nearly another coat may be carried out on the metal oxide film of this invention. 
By adopting such a configuration, the property of a metal oxide film can be reinforced and complemented, or the further functionality 
can be given. 

[0033] The rare earth elements (R) in the rare earth system permanent magnet used in this invention have at least one sort or a still 
more desirable thing containing at least one sort in La, Ce, Gd, Er, Eu, Tm, Yb, Lu, and Y among Nd, Pr, Dy, Ho, Tb, and Sm. 
Moreover, although it is usually sufficient with one sort in R, it can be practically used for any expedient reason of acquisition of two 
or more sorts of mixture (a misch metal, didym, etc.). 

[0034] since the crystal structure serves as a cubic organization of the same structure as alpha-Fe under by 10 atom %, if high 
magnetic properties and high coercive force (HcJ) are not acquired but the content of R in a R-Fe-B system permanent magnet exceeds 
30 atom % on the other hand especially - R — since the permanent magnet of the property which the rich nonmagnetic phase 
increased, and the residual magnetic flux density (Br) fell and was excellent is not obtained, as for the content of R, it is desirable that 
it is ten atoms [ of a presentation ] % - 30 atom %. 

[0035] Since high HcJ will not be obtained if Br falls under by 65 atom % and 80 atom % is exceeded, the content of Fe has desirable 
content of 65 atoms % - 80 atom %. Moreover, although the temperature characteristic can be improved without spoiling the magnetic 
properties of the magnet obtained by permuting a part of Fe by Co, if the amount of Co permutations exceeds 20% of Fe, since 
magnetic properties will deteriorate, it is not desirable. When the amount of Co permutations is pentatomic % - 1 5 atom %, since Br 
increases as compared with the case where it does not permute, although high flux density is obtained, it is desirable. 
[0036] if, as for the content of B, rhombohedron structure serves as the main phase under by 2 atom %, and high HcJ is not obtained 
but 28 atom % is exceeded - B — since the permanent magnet of the property which the rich nonmagnetic phase increased, and Br fell 
and was excellent is not obtained, content of two atoms % - 28 atom % is desirable. Moreover, less than [ 2.0wt% ] may be contained 
with a kind and the total quantity at least among P not more than 2.0wt%, and S not more than 2.0wt% for an improvement of 
magnetic manufacturability or low-pricing. Furthermore, magnetic corrosion resistance is improvable by permuting a part of B by C 
not more than 3 0wt%. 

[0037] Furthermore, at least one sort of addition has effectiveness in the improvement of the square shape nature of coercive force or a 
demagnetization curve, an improvement of manufacturability, and low-pricing among aluminum, Ti, V, Cr, Mn, Bi, Nb, Ta, Mo, W, 
Sb, germanium, Sn, Zr, nickel, Si, Zn, Hf, and Ga. In addition, since Br is needed T or more [ 0.9 ] at least in order to make maximum 
energy product (BH) max into three or more 159 kJ/m, as for the addition, adding in the range which fulfills these conditions is 
desirable. In addition, a R-Fe-B system permanent magnet is not hindered by what contains an unescapable impurity on industrial 
production in addition to R, Fe, and B, either. 

[0038] Moreover, the compound which has the crystal structure of the tetragonal system which is in the range whose diameter of 
average crystal grain is 1 micrometer - 80 micrometers in the R-Fe-B system permanent magnet used in this invention is made into the 
main phase. The sintered magnet characterized by including 1% - 50% of nonmagnetic phase (except for an oxide phase) by the 
volume ratio shows HcJ>=80 kA/m, Br>0.4T, and (BH) max>=80 kJ/m3, and the maximum of (BH) max reaches three or more 199 
kJ/m. 

[0039] furthermore, as R-Fe-B system permanent magnets other than the above An anisotropy R-Fe-B system bond magnet which is 
indicated by JP,9-92515,A, A software magnetism phase which is indicated by JP,8-203714,A The Nd-Fe-B system nano composite 
magnet which has for example, (alpha-Fe and Fe3B), and a hard magnetism phase (Nd2Fel4B), The bond magnet using the isotropic 
Nd-Fe-B system magnet powder (for example, product made from trade name:MQP-B-MQI) created by the melt quenching method 
currently widely used from the former etc. is mentioned. Using binders, such as an epoxy resin, these are used by each, when 
fabricated by the predetermined configuration. 

[0040] The permanent magnet characterized by what is expressed with l(Fel-xRx)-yNy (0.07<=x<=0.3, 0.001<=y<=0.2) given in 

JP,5-82041 ,B as a R-Fe-N system permanent magnet, for example is mentioned. 

[0041] 
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[Example] For example, as it was indicated by the U.S. Pat. No. 4770723 number official report, the well-known casting ingot was 
ground, and the following experiments were conducted using the sintered magnet (a "magnet object test piece" is called below) of the 
23mmxl0mmx6mm dimension of the 17Nd(s)-lPr-75Fe-7B presentation acquired by performing shaping, sintering, heat treatment, 
and surface treatment after pulverizing. In the following experiments, the thickness of a metal oxide film was measured by electron' 
microscope observation of the fracture surface. The amount of C in a metal oxide film was measured using the glow discharge mass 
spectroscope. The structure of a metal oxide film was analyzed using X-ray diffractometer. In addition, in the following examples, 
although explained taking the case of application to a sintered magnet, this invention is not restricted to application to a sintered 
magnet, and can be applied also to a bond magnet. 

[0042] Example 1 -example 3: It adjusted by the presentation, viscosity, and pH which show sol liquid in Table 2 of each component of 
aluminum compound shown in Table 1, a catalyst, a stabilizing agent, an organic solvent, and water. To the magnet object test piece 
which defecated the front face by shot blasting and solvent degreasing, with the DIP coating method, it heat-treated by having applied 
at the raising rate which shows sol liquid in Table 3, and aluminum oxide film was formed in the front face. The thickness of obtained 
aluminum oxide film (aluminum20x coat: 0< x<=3) and the amount of C in a coat are shown in Table 4. Moreover, the XPS 
measurement result of the magnet which has aluminum oxide film obtained in the example 2 in Table 4 in the chemical shift value by 
the side of the high energy of 3d orbit of Nd by XPS is shown in drawing 1 . In addition, XPS measurement used ESCA-850 
(Shimadzu Corp. make), under conditions of 1 0 - 6 or less Pa of degree of vacuums, using MgK alpha rays as an X-ray, is the 
acceleration voltage of 8k V, and 30mA of currents, and went in the range of 976eV - 992eV. Performing sample rotation, it is the 
acceleration voltage of 2k V, and 20mA of currents, and the chemical shift value performed Ar ion etching (beam scan), and the 
photoelectron spectrum of 3d orbit of Nd inside a volume phase part and a magnet was measured, and it asked for it from the peak 
location of the obtained spectrum. This coat was amorphous as a result of carrying out structural analysis of the obtained aluminum 
oxide film with an X-ray diffraction method. Moreover, this coat was a precise thing without a pinhole as a result of the surface 
observation (scale factor: x 1 000) by the electron microscope. 
[0043] 
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[Table 41 




mm. 




Nd^b^v^MI 




(Urn) 


(ppm) 


CeV) 




0.3 


150 


1.2 




0.5 


220 


1.4 


§g%$l3 


0.8 


340 


1.1 | 



[0047] The magnet which has obtained aluminum oxide film was left for 250 hours under the high-humidity/temperature condition of 
90% of temperature [ of 60 degrees C ] x relative humidity, and the corrosion-resistant accelerated test was performed. The magnetic 
properties before and behind a trial and the appearance change situation after a trial are shown in Table 5. The magnet which has 
obtained aluminum oxide film is a precise thing in which a pinhole does not have the coat itself. Moreover, since it has the volume 
phase which is carrying out the chemical bond to aluminum atom with which Nd atom constitutes aluminum oxide film through an 
oxygen atom between a coat and a magnet on the whole magnet front face, the adhesion over the magnet front face of a coat is high, 
and a coat does not exfoliate after a trial. Therefore, it turned out that the corrosion resistance demanded is fully satisfied, without 
magnetic properties and an appearance deteriorating most under the above severe conditions so that clearly from Table 5. 
[0048] 
[Table 5] 
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[0049] The example 1 of a comparison: The magnet object test piece was immersed in the 4-acetyl-3-BUTENIROKISHIRU- 
aluminum-G l-propoxy rate, after defecating a front face by shot blasting and solvent degreasing, and it was left at the room 
temperature for 2 hours, and aluminum oxide film of 0.5 micrometers of thickness was formed in the front face. When surface 
observation (scale factor: xlOOO) by the electron microscope was performed about obtained aluminum oxide film, many pinholes with 
a diameter of several micrometers were observed. The corrosion-resistant accelerated test of the same conditions as the example 1- 
example 3 was performed to the magnet which has obtained aluminum oxide film. The result is shown in Table 5. It turned out that the 
magnet which has obtained aluminum oxide film as a result does not satisfy the corrosion resistance demanded in magnetic properties 
and an appearance. 

[0050] The example 2 of a comparison: The corrosion-resistant accelerated test of the same conditions as the example 1 -example 3 
was performed to the magnet object test piece. The result is shown in Table 5. As a result, it turned out that a magnet object test piece 
does not satisfy the corrosion resistance demanded in magnetic properties and an appearance. 

[0051] Example 4-exampIe 6: It adjusted by the presentation, viscosity, and pH which show sol liquid in Table 7 of each component of 
Si compound shown in Table 6, a catalyst, an organic solvent, and water. To the magnet object test piece which defecated the front 
face by shot blasting and solvent degreasing, with the DIP coating method, it heat-treated by having applied at the raising rate which 
shows sol liquid in Table 8, and Si oxide film was formed in the front face. The thickness of obtained Si oxide film (SiOx coat: 0< 
x<=2) and the amount of C in a coat are shown in Table 9. Moreover, the XPS measurement result of the magnet which has Si oxide 
film obtained in the example 6 in Table 9 in the chemical shift value by the side of the high energy of 3d orbit of Nd by XPS is shown 
in drawing 2 (a measuring method is the same as the example 1 -example 3). In addition, the XPS measurement result of 2 p orbitals of 
Si where Si atom in Si oxide film means having the volume phase which is carrying out the chemical bond to Nd atom through the 
oxygen atom is shown in drawing 3 (the - measuring range as the measuring method of Nd where a measuring method is the same is 
94eV - I lOeV). This coat was amorphous as a result of carrying out structural analysis of the obtained Si oxide film with an X-ray 
diffraction method. Moreover, this coat was a precise thing without a pinhole as a result of the surface observation (scale factor: 
xlOOO) by the electron microscope. 
[0052] 



fTable 61 
























CPA 






ran 





ipa : << vzfu tf jut ju=i— ;u 



[0053] 











pH 




(wt%,sio 2 JftS:) 






(cP) 


mmm4 


5 


0.001 


3 


1.4 


3.2 




1 


2 


2 


1.3 


4.1 




10 


0.005 


10 


1.7 


2.2 | 



[0054] 
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[0056] The corrosion-resistant accelerated test of the same conditions as the example 1 -example 3 was performed to the magnet which 
has obtained Si oxide film. The result is shown in Table 10. The magnet which has obtained Si oxide film is a precise thing in which a 
pinhole does not have the coat itself. Moreover, since it has the volume phase which is carrying out the chemical bond to Si atom with 
which Nd atom constitutes Si oxide film through an oxygen atom between a coat and a magnet on the whole magnet front face, the 
adhesion over the magnet front face of a coat is high, and a coat does not exfoliate after a trial. Therefore, it turned out that the 
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coTTOsion resistance demanded is fully satisfied, without magnetic properties and an appearance deteriorating most under a severe 

condition so that clearly from Table 10. 

[0057] 
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[0058] The example 3 of a comparison: Si oxide film of 0.5 micrometers of thickness was formed in the front face by applying a tetra- 
ethoxy silane to the magnet object test piece which defecated the front face by shot blasting and solvent degreasing with a spray 
method, and heating at 150 degrees C for 20 minutes. When surface observation (scale factor: xlOOO) by the electron microscope was 
performed about obtained Si oxide film, many pinholes with a diameter of several micrometers were observed. The corrosion-resistant 
accelerated test of the same conditions as the example 1 -example 3 was performed to the magnet which has obtained Si oxide film. 
The result is shown in Table 10. It turned out that the magnet which has obtained Si oxide film as a result does not satisfy the 
corrosion resistance demanded in magnetic properties and an appearance. 

[0059] The example 4 of a comparison: Si oxide film of 0.5 micrometers of thickness was formed in the front face by applying the 
colloidal silica solution with which Si02 becomes 30wt(s)% and isopropyl alcohol becomes [ pure water ] the magnet object test piece 
which defecated the front face by shot blasting and solvent degreasing from 35wt(s)% 35wt(s)% with a spray method, and heating it at 
160 degrees C for 20 minutes. When surface observation (scale factor: xlOOO) by the electron microscope was performed about 
obtained Si oxide film, many pinholes with a diameter of several micrometers were observed. The corrosion-resistant accelerated test 
of the same conditions as the example 1 -example 3 was performed to the magnet which has obtained Si oxide film. The result is 
shown in Table 10. It turned out that the magnet which has obtained Si oxide film as a result does not satisfy the corrosion resistance 
demanded in magnetic properties and an appearance. 

[0060] An example 7 and an example 8: It adjusted by the presentation, viscosity, arid pH which show sol liquid in Table 12 of each 
component of Ti compound shown in Table 1 1, a catalyst, a stabilizing agent, an organic solvent, and water. To the magnet object test 
piece which defecated the front face by shot blasting and solvent degreasing, with the DIP coating method, it heat-treated by having 
applied at the raising rate which shows sol liquid in Table 13, and Ti oxide film was formed in the front face. The thickness of 
obtained Ti oxide film (TiOx coat: 0< x<=2) and the amount of C in a coat are shown in Table 1 4. Moreover, the XPS measurement 
result of the magnet which has Ti oxide film obtained in the example 8 in Table 14 in the chemical shift value by the side of the high 
energy of 3d orbit of Nd by XPS is shown in drawing 4 (a measuring method is the same as the example 1 -example 3). This coat was 
amorphous as a result of carrying out structural analysis of the obtained Ti oxide film with an X-ray diffraction method. Moreover, this 
coat was a precise thing without a pinhole as a result of the surface observation (scale factor: xlOOO) by the electron microscope. 
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[0065] The corrosion-resistant accelerated test of the same conditions as the example 1 -example 3 was performed to the magnet which 
has obtained Ti oxide film. The result is shown in Table 1 5. The magnet which has obtained Ti oxide film is a precise thing in which a 
pinhole does not have the coat itself. Moreover, since it has the volume phase which is carrying out the chemical bond to Ti atom with 
which Nd atom constitutes Ti oxide film through an oxygen atom between a coat and a magnet on the whole magnet front face, the 
adhesion over the magnet front face of a coat is high, and a coat does not exfoliate after a trial. Therefore, it turned out that the 
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corrosion resistance demanded is fully satisfied, without magnetic properties and an appearance deteriorating most under a severe 
condition so that clearly from Table 15. 
[0066] 
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[0067] The example 5 of a comparison: The magnet object test piece was immersed in n-hexane solution (5wt%) of G i- 
propoxytitanium-distearate, after defecating a front face by shot blasting and solvent degreasing, desiccation was performed for 60 
degree-Cx 30 minutes in nitrogen-gas-atmosphere mind, and Ti oxide film of 0.5 micrometers of thickness was formed in the front 
face. When surface observation (scale factor: xlOOO) by the electron microscope was performed about obtained Ti oxide film, many 
pinholes with a diameter of several micrometers were observed. The corrosion-resistant accelerated test of the same conditions as the 
example 1 -example 3 was performed to the magnet which has obtained Ti oxide film. The result is shown in Table 15. It turned out 
that the magnet which has obtained Ti oxide film as a result does not satisfy the corrosion resistance demanded in magnetic properties 
and an appearance. 

[0068] Example 9: It adjusted by the presentation, viscosity, and pH which show sol liquid in Table 1 7 of each component of Si 
compound shown in Table 16 and Zr compound, a catalyst, a stabilizing agent, an organic solvent, and water. To the magnet object 
test piece which defecated the front face by shot blasting and solvent degreasing, with the DIP coating method, it heat-treated by 
having applied at the raising rate which shows sol liquid in Table 18, and the Si-Zr multiple oxide coat was formed in the front face. 
The thickness of the obtained Si-Zr multiple oxide coat (SiOx-ZrOy coat: 0< x<=2, 0< y<=2) and the amount of C in a coat are shown 
in Table 19. Moreover, the chemical shift value by the side of the high energy of 3d orbit of Nd by XPS is shown in Table 19 (a 
measuring method is the same as the example 1 -example 3). This coat was amorphous as a result of carrying out structural analysis of 
the obtained Si-Zr multiple oxide coat with an X-ray diffraction method. Moreover, this coat was a precise thing without a pinhole as a 
result of the surface observation (scale factor: xlOOO) by the electron microscope. 
[0069] 
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[0073] The corrosion-resistant accelerated test of the same conditions as the example 1 -example 3 was performed to the magnet which 
has the obtained Si-Zr multiple oxide coat. The result is shown in Table 20. The magnet which has the obtained Si-Zr multiple oxide 
coat is a precise thing in which a pinhole does not have the coat itself. Moreover, since it has the volume phase which is carrying out 
the chemical bond to Si atom with which Nd atom constitutes a Si-Zr multiple oxide coat through an oxygen atom between a coat and 
a magnet on the whole magnet front face, the adhesion over the magnet front face of a coat is high, and a coat does not exfoliate after a 
trial. Therefore, it turned out that the corrosion resistance demanded is fully satisfied, without magnetic properties and an appearance 
deteriorating most under a severe condition so that clearly from Table 20. 
[0074] 
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[0075] Example 10: It adjusted by the presentation, viscosity, and pH which show sol liquid in Table 22 of each component of Zr 
compound shown in Table 21 , a catalyst, a stabilizing agent, an organic solvent, and water. To the magnet object test piece which 
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defecated the front face by shot blasting and solvent degreasing, with the DIP coating method, it heat-treated by having applied at the 
raising rate which shows sol liquid in Table 23, and Zr oxide film was formed in the front face. The thickness of obtained Zr oxide 
film (ZrOx coat: 0< x<=2) and the amount of C in a coat are shown in Table 24. This coat was amorphous as a result of carrying out 
structural analysis of the obtained Zr oxide film with an X-ray diffraction method. Moreover, this coat was a precise thing without a 
pinhole as a result of the surface observation (scale factor: xl 000) by the electron microscope. 
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[0080] Rinsing and desiccation were performed after the magnet which has obtained Zr oxide film was immersed in 1 mol/1 and a 
NaOH water solution with a temperature of 65 degrees C for 2 hours. Then, the corrosion-resistant accelerated test of the same 
conditions as the example 1 -example 3 was performed. The result is shown in Table 25. The magnet which has obtained Zr oxide film 
is a precise thing in which a pinhole does not have the coat itself so that clearly from Table 25. Moreover, the adhesion over the 
magnet front face of a coat is high, and a coat does not exfoliate after a trial. Therefore, it turned out that the corrosion resistance 
demanded and alkali resistance are fully satisfied, without magnetic properties and an appearance deteriorating most, even if it left it 
under the severe condition after being immersed in the alkali system water solution. 
[0081] 
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[0082] 

[Effect of the Invention] In addition to the formed coat itself being a precise thing without a pinhole, since the adhesion over the 
magnet front face of a coat is high, the rare earth system permanent magnet by which the metal oxide film is formed in the magnet 
front face by the sol gel forming-membranes method of this invention can acquire sufficient corrosion resistance, even if the thickness 
of a coat is thin. Therefore, close dimensional accuracy can be attained and improvement in sensitive volume of a magnet can be 
aimed at. Since the rare earth system permanent magnet with which the metal oxide film which consists of a metallic-oxide component 
containing aluminum oxide, Si oxide, Ti oxide, etc. especially is formed in the magnet front face has the volume phase which is 
carrying out the chemical bond to the metal atom with which R atom constitutes a metal oxide film through an oxygen atom between a 
coat and a magnet on the whole magnet front face, a coat has the adhesion which was extremely excellent to the magnet front face. 
Moreover, in addition to the outstanding corrosion resistance, the rare earth system permanent magnet with which the metal oxide film 
which consists of a metallic-oxide component containing Zr oxide is formed in the magnet front face has the outstanding alkali 
resistance. As effectiveness on the manufacture in the case of forming a metal oxide film by the sol gel forming-membranes method, it 
is mentioned first that the sol liquid to be used hardly uses water, but can prevent the corrosion of the magnet at the time of coat 
formation since the most consists of the organic substance, moreover, since it is the very thin film, the heat treatment is quickly perfect 
at the time of coat formation — etc. — a process is simple. Furthermore, since it can form at low temperature, it is low cost, and since 
the process is simple, there is little plant-and-equipment investment needed, and it ends. The coat consists of a metal and oxygen, and 
since waste fluid processing is also easy, there are few problems on an environment. 
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DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] It is drawing showing the XPS measurement result about 3d orbit of magnetic Nd which has aluminum oxide film 
obtained in the example 2 of this invention. 

[Drawing 2] It is drawing showing the XPS measurement result about 3d orbit of magnetic Nd which has Si oxide film obtained in the 
example 6 of this invention. 

Prawing 3] It is drawing showing the XPS measurement result about 2 p orbitals of magnetic Si which has Si oxide film obtained in 
the example 6 of this invention. 

Prawing 4] It is drawing showing the XPS measurement result about 3d orbit of magnetic Nd which has Ti oxide film obtained in the 
example 8 of this invention. 
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It. 1 0«^-%**-C(*ttJl«3t*<af-F e ^H-ftS 

c&s^iifflta tte&tztsb. wi=*i**m* 

(He J) *<»6>2|V»\ — 3 0 Jl^%f <t R 

y^^ft#»ttft*«»<fty. aattxea (Br) 

30 fiTLT«nfc^tt(D*A»53&5»&ttft^a)-C. RflO 
•^gtefrfi/SCD 1 0 HC^%~ 3'6'H^%-C?&4 Zfc4«a$. 

[0 0 3 5] FeCD^jllt. 6 5 JHT-%*aS-t?lt B r 

ffiTU 8 OlI^%£ig7L4<tKl/>H c J fttfegftftl^ 

•1 

fc. F eCD-aJ^Co-eS^-r4CtlZj:^T. »btt 
4K^0)»ft1#ttSlift 3 - 1 ft L fcjgg!f#tt£&#-r 

t. Mtttt4<*ftt «©-ea* L < ftt^. coiM 

40 ^5H^%~1 5H^%CDli^. B r l4««|Lftt^»^ 

|rttgcLTlii]a-r4fc^. ^»XSS^^4C0lzM^L 

[0 0 3 6] B<7)^fil*. 2JlT%*5S-eitg®{*^at 
*<±«£fty. Kl*H c Jf*»61vf\ 28H : f%^iS 
WtB'J ^^ft#f«ltffl*<*<fty. BrtfftTLt 
«*Lfc»ttfl)"*A»5A<»&*lftL^a>"C.' 

■¥>«flittfta)fcAlC, 2. Owt%]iLTCDP. 2. Ow 
t %JUT<DS<D : 5* > . '>ft<tt-a. ^ftMT*2. O 
50 w t %kLT£^&LTlN-C*> J:L^o £t>lZ % B CD — 



(7) 
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[0037] £ b(Z % AU Ti, V. Cr. M n. B 
i * Nb, Ta, Mo % S b % G e * Sn % Zr % 
Ni % Si. Zn. Hf, G a05* ) * k ^< HO 

«; fiffi»<bi::»Sa!><fe4. fcfc\ ^cDjganSli. 

X^;U^— a (BH) max£l59k J/m3 &Lt<h 
-f^fclCli. Brm<ttO. QTJSUu&Bfcft 

I*, fefc. R- F e -BJkTkAB&lZl^ R, Fe, B 
[0 0 3 8] £fc, *9IWI^fct^Tfflt^S>*L4R-F e 

«£U ttWJtTM%~5 0%<D#»ttffl (Bfc»«£ 
»<) t*t?Cfc««*fc-r*««a5l*, HcJ>8 
OkA/m, Br>0. 4 T\ (BH)max^80k 
J/m 3 $^L. (BH) max(Dl^Ili199kJ 20 

[003 9] Stic* ±EJSL^0)R-F e -B»*^» 
St LTI±. ^BB¥9-9 2 5 1 5^*IZ|BK**LT 
l*5*3ft»j&ttR-Fe-B*#>KWE* ^i¥B 
-203 7 1 4^«|zEK**iTt^*J:3<CV^ 

ttffl C*-Fe^Fe3B) fc/\— KBtt« 

(Nd2 Fe-14 B) JttliNd-Fe-Bit/^ 

fgS* : MQP-B • MQ I fctffi!) SJHl^fc 30 

[0 0 4 0] R-Fe-NM^»5tLttt, 
tf . 5-8 20 4 1 -^aBBO) ( F e i — x R 

x) i -y Ny (0. 07£x£0..3. 0. 001^ 
y^0. 2) X'&ZH&Zt&ft&t't&ftLiKm&tfm 

[0041] 

[HffiOT *B1#|* 4 7 7 07 2 3*^«ir|B 40 



U «&&&lcj£J&. gag. M9« «BBJnx*fT5 c 

(hfCcfc-^T^btlt- 17Nd-1Pr-75Fe-7B 
€S0 2 3mm x 1 0 mm x 6 m m 

ofc 0 BlTaBBf^&Lvc. &B&fb«B&Ra>BJ¥(±B 
■HiaVFBBftMHcJiyflBLfc. *BB4ttt£fl 

*BBfc*fl»tt«»*XBEtfM£m*TB*rL 

[0 0 4 2] HSg^Jl -*16«3 : WU;££. Si |C* 

tA Hb*». MB. tf*<D<S> 
B#!=T* a2(Z7F-r^. ttKfcJ:tfp H-CBBL 

a3ic^-r5i#±ifa«i?a*L. ba«£ 

fcA I mtty&m (A I 2 Ox £K : 0<x^3) 0B 
J£B*0>C*£ft4|::^-r o XPS|:«j:^N 
d(D3 dViaa>Xx*;u^— B-^©fl:3^>? hfil£S4 

MS«2-e#&*ifcA i B1MfeftB£4r*-«WSa> 
xpsase*$Bil^t. ftfe. xps»Sl±* E 

SCA-850* («M#itt» *«BU XSSI 
0-6 p a JaT<7>SftT-e. XgtLTMgKffiJ^ 
IV k V % H3£3 OmAt\ 97 6 eV-9 

9 2 e V-OBBfCfet^Tfxofc. fc*^? hffil*. 1**4 
ElteSffL^tti < &; *DiS«E2k'V. 13S2 0mAt?, 

■ «#£«5flffla>N d(D3 dSlatCD3tm?-X^<7 HU 
lc«k4affi«B («*: x i ooo) (D»«. gjfem 

[0 0 4 3] 

[Si] 





AMb^fe) 


















i ^^2 





















[PA: -f v^P tf^T/Ua— /U 



[0 0 4 4] 



»2] 
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AKb-frtoE*SI£' 






pH 










*/AHb^8) 


(cP) 




8 


0.001 


1.5 


3 


3.6 


3.1 




5 


2 


1 


1 


2.4 


3.9 




1 


0.005 


0 


0C*> 


1.5 


2.4 



[0 0 4 5] 



[S3] 





(cm/min) 






1 


240t x 20min 




3 


200t: x 30min 


5*&G!l3 


10 


175*t:x60min 



[0 0 4 6] 



[«4] 





mm- 


&B*C5 






(find 


(ppm) 


(eV) 




0.3 


150 


1.2 




0.5 


220 


1.4 


&i&m3 


0.8 


340 


1.1 



[0047] »c,*tfc.A i.anbttfiK**-r*«5*. 

0°CxffiSaS9 0%OSSSI^ftTHT 2 5 

«M»tta6tflcKRflka>»Mfl:«at«5ir*-r Q - » 



[0 0 4 8] 
[$5] 











BKD 


HcJCkA/m) 


(BHViaxCkJ/m 3 ) 


BrOD 


HcJCkA/m) 


(Bl-OmaxCkJ/m 3 ) 


^*£0!1 


1.14 


1322 


243 


1.13 


1298 


236 






1.14 


1314 


242 


1.11 


1282 


233 


S£{bftL 




1.13 


1322 


242 


1.12 . 


1314 , 


237 


SHb&u 




1.14 


1314 


242 


1.07 


1258 


224 






1.13 


1330 


243 


1.05 


1242 


217 





[0 0 4 9] JtRflM :«5#KK^S. ->ay h?^ 

SdBJIO. 5//m©Al8ftttM£MLfc. »b 
: X 1 0 0 0) StTofct tgS//m(D 

e>*-/l/*^afiSS*ifc. »6*ifcA I Kfcte&B 40 

[0 0 5 0] lbttM2 :tt5*Ktttfl=#U ^Jfe^ 1 
fcA^frofc. 50 



[0 0 5 1] mti&M 4 -SlEffil 6 : l/;U5$£. ^6l^jK 

a7i:*ttt*, 846J:tfpH7?Bilfc. ya^h 
Kfcefci;S»lKffi^SS^«^bLf=m5*Ke 

8fz*-r?i$±ifaaT?«flrL. mi^ot, -^<d 
fii cs ; Ox SB: o< x ^ 2) a>mm. ii+^c 

Ifi9CTvt B *fc* X P Slz«££N dCD3 dtUBO) 
II*^/*- SA^(Oit^y Htt«9f:\ HJS^I6-C? 

o o fc*>\ s i ikibttKB4>o>s i m+tmmaitt 

OH£2FttI±N dtOmtt&tmC • 9 4 e 

V~ 1 1 0 e V) 0 *#b*lt-S i Mlb^&B£xf&l§]#T 



(9) 
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tz. 



l:J:5$Ig§ : * 1 o O O) CO 



[0 0 5 2] 
»6] 















tmB 










IPA 






OB 





[0 0 5 3] 



10 [B7] 











PH 




(wts.sio 2 &g:) 






(cP) 




5 


0.001 


3 


1.4 


3.2 




1 


2 


2 


1.3 


4.1 1 


Higgle 


10 


0.005 


10 


1.7 


2.2 



[0 0 5 4] 



[SB] 





(cm/min) 


IWG31 




7 


1 50^ x 20min 


seises 


5 


200 c txi0min 


^J£0S6 


10 


100°Cx20min 



[O 0 5 5] 



[89] 













(//m) 


(ppm) 


(eV) 




0.5 


320 


1.3 




0.08 


95 


1.1 




2 


450 


1.2 



[0056] m^titzs iMim&mzmt&mGizzi 

fTofco i.o f=Sf o ibtifcs i Mitlto 

SMELTS i IfcMBiitftSS i m^t 



SH]8rr*.C£*ifcl> 0 got, Si 0**&K&frfr«fc5 
30 li^BBttftfrTlzfclvc** BKWtt/^HHttlzff 

[00 57] 
[$10] 











Br(T) 


HcJCkA/m) 


(BhOmaxCkJ/m 3 ) 


Br<T) 


HcJ(kA/m) 


(BH)max(kJ/m 3 ) 


5iJ6ei4 


1.14 


1314 


242 


1.13 


1306 


237 






1.14 


1322 


243 


1.11 


1290 


234 






1.13 


1322 


242 


1.12 


1314 


238 






1.14 


1314 


242 


1.09 


1266 


226 




Jfctt«4 


1.13 


1322 


242 


1.08 


1258 


225 





[0 0 5 8] lfcttffl3 : V3 v h tS «fc Xf&fttf&t 

v^>^X^U— SfclCTBfliU 1 5 0 6 Ct2 0^M 
ir&Zt\Z&l)^ ^(DmWlzmmO. 5Vm(DS\&it 

e^H«aic«fc4a®as : x 1 0 o o> £*ro 
-^ffi«93 tm-^om^m&um^'otzo 



[0 0 5 9] lt««34 : V3 ^ h^X h fe «fc l/jgfiMS 

JKt?*ffi*»»ftLfcB5«:KKfr!z % SiO 2 ^30 

wt%. s$^3 5wt%, -r v^DtfVurju^— ;ua< 

3 5 w t % A> b ^ ^ a □ >f v U * ^ U-;^ 

ictb^l. 1 6 o°c-r?2 o&tam-t&ztiz&y* ^ 
a>a®izB»o. 5/im©s i BftttfitBSJ^fitLfco 

50 BBS (f&¥: xl OOO) £frofc<t itggfe// 
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-To SStLt. Sbiifcs i Hb^^IJtt 415 

[0 0 6 0] MMI7&J:IHE1MIB : '/JUS*. Si 
1 \z^i-T l MB. SS^bSfl. 



10 



fco ^b^fcT i ttfctt&B (T i Ox &B : 0<xS 
2) COKff. £I*0CIJS1 4{-^t-r o *fc, XP 

[006 1] 
[H 1] 





TKb^fe 


MM 






Bftffl7 








x*y— 










x£y— ;u-hpa 



[0 0 6 2] 



[«1 2] 





(wt*.*no 2 &ir) 


=E)Uit 


(cP) 


pH 


«iB/THfr&» 




dc/Trfb^Es 




3 


0.002 


0 


1 


2.2 


2.1 




5 


0.005 


1.5 


3 


1.7 


2.6 



[0 0 6 3] 



»1 3] 





5l*±ffB« 

(cm/min) 




B1&097 


3 


240^C x 20min 




5 


200*fc x 30min 



[0 0 6 4] 



[Si 4] 







(ppm) 


CeV) 




0.4 


230 


1.2 




0.7 


390 


1.0 



[0 0 6 5] »€>*LfcT i BfcMHS«t4B€lc» 



40 



[0066] 
[81 5] 











BrCT) 


HcJCkA/m) 


(BH)max(kJ/m*) 


BKT) 


HcJ(kA/m) 


(BKOmaxCkJ/m 3 ) 


51*6017 


1.15 


1322 


244 


1.13 


1306 


237 






1.14 


1314 


242 


1.11 


1290 


234 


£fb&L j 


ik««5 


1.15 


1306 


242 


1.07 


1250 


225 





[0 0 6 7] ItKmS : Bffi(*K»Jt£. *>3'> VJ=? 
(5wt%) IzaXL. fi*»Ha + -e6 0 0 Cx 3 0» 



50 



^SSMKlc.fc&SSffig? : x 1 o o o) fn-otz 

^tLfzT i ttfcttJ£H£*f£»:Eir»L. SUM 1 - 



01) $#§§2001-076914 



[0068] mmm9 ■. vtjuxs* «i.6ic«rs i <b 
**fc*i/z rfc#%. auk* ss^sfl. *r«?ej«fc«fc 



10 



( S i O x ■ Z r O y : 0<x^2 ■ 0 < y ^ 2 ) 

v>mm. fii^oct^ai 9ir^-r 0 *fc. xpsc 

£<i>Nd<7)3 dftil(D*x*;^— H^Ofc^i/^ hit 
IS) o m^fitzS i -Z r«*|tfl:«B£|t«X|ft|§|«ffle 
fc. *TOttttf=J:«&9ME (ft* : x 1 0 0 0) O 

[0 0 6 9] 
»1 6] 

















Rift 




: JU+IPA 



ip a : -f v^d tfyur /Uu — ^ 



[0 0 7 O] 



[S17] 











pH 




(wt%.Si0 2 +Zr0 2 &g3 


Si/Si+Zr 




I S£t^J/M 


Jjc/M 


(cP) 




5 


0.34 


2 


( 1 


1 


1.9 


3.9 



[0 0 7 1 ] 



[0 0 7 2] 





[: 


Si 8] 




5i#±if*ac 

(cm/min) 






5 


240^ X 20min 




P 


9] 







(ppm) 


(eV) 


9Ett«99 


0.7 


350 


0.9 



[0 0 7 3] »C,*LfcS i -Z rUftlfcftKKftt 

s i - z r«*mt*£Kt*rr*Ksii. fiBiw< 



[0 0 7 4] 
[«2 0] 













BKD 


HcJtkA/nO 


(BH)maxCkJ/m*) 


BKD 


HcJCkA/m) 


(BhDmaxCkJ/m 3 ) 


»te«9 


1.14 


1314 


242 


1.12 


1306 


234 





[0 0 7 5] ^Sfeftll 0 : VMU&£. S2 1 d^-fZ r 

S2 3fr^-r?|^_h[f5$jg-c^L, RfflSSfro 

r tt<b«9£K ( Z r O x J&K : 0< x ^ 2) 0)K», JK 



Xf»B«»lcT*Jft*«LfcttJIL IkftKttffH-efe 
ofc 0 Sfc. *?MURf=J:«8BiflM( (ft* : x i o 
oo) a>is* % gjgtmi*. tf>7f>— ;KZ>ftL\»e*t,a> 

[0 0 7 6] 
[12 1] 



« 



(12) ^2001-076914 



1 nt&fiho 








1 













[0 0 7 7] 



[$2 2] 









(cP) 


pH 






7k/Zrfb£1& 




5 


2 


1.5 


2 


1.8 


4.0 



[0 0 7 8] 



1^2 3] 





(cm/rran) 








5 


2A0°C x 1 Dmin 





[007 9] 
[«24] 







(ppm) 


HfiSflliO 


0.8 


380 



[0080] mztitzz rmim&m*m-$-z>ws*. 

1mo I/I. 5°C0)N a OH7Kj§;"S(^2^r B 1}S 

£S2 5|Z;j^ 0 ^2 5^t>^b^^ci:5lC. ^t>tlfc 



[008 1] 
[S2 5] 



20 











BKD 


HcJCkA/irO 


(BWmaxCkJ/m 3 ) 


BKD 


HcJ(kA/m) 


(BhOmaxCkJ/m 3 ) 


^J£^10 


1.15 


1305 


243 


1.13 


1297 | 


236 





[0 0 8 2] 

"C ft *C tiring £K<D«5«i5fz»-r*e*ttA^* 
^3a<*flfa]± : £(g£c t^r*$^ 0 a i §Hb 



ptxi«iMtfc4. es^/Si? 

[Si] *«W0Si»fl2-c»b*ifcA l&fb«9&R€ 

[13] **W(Z)Sllfi«|6t?»e>*tfcS i iibiftilj 
tt5I50)S i (7)2 pftitl=Ot^Ta>XPS9l£ttJR 

[14] *9IW<DjtSfift|8T?»6ixfcT i lib^SI^ 



(13) 
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[Hi ] 



[82] 





992.0 



988.0 . $A4D ' 9^0 JO Sfco 



992.0 988.0 984.0 98a O 



976.0 



[13] 



[14] 



(X) 
100. H 



50.- 



iJI III 1 1 llmi It llllnilMliilium 1 I t 



0. |i m tT i T i| i iim,i q 

110.0 106 JO 




|^llllllT|1IM I IIH | il i m i T I 

102.0 9B.0 94.0 



100. 




50.- 



888.0 9B4.0' 980.0 

Nd©3d«l5iCD^^X^>^- (eV) 



976.0 



:7D> h^-2/(Z>tt* 

(31) «5fe«*38S-^ teJBSF1 1-181357 F £ — A (##) 5E040 AA03 AA04 AA19 BC01 BD03 

(32) ^5fe0 ¥f£11*£6£28B (1999. 6. 28) CA01 HB14 NN05 NN06 

(33) @^^5ig ( J P) 5E062 CD04 CG07 



